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Project Introduction

Attachment mechanisms that are effective over a wide range of material types
and surface conditions can be used for a variety of applications including
manipulator end-effectors, feet for legged robots, and grippers for docking and
rendezvous missions. This research will focus on the development and
hybridization two techniques: electrostatic adhesion and directional dry
adhesion. Electrostatic adhesion works by generating an electrostatic field
which charges or polarizes the substrate material creating an adhesive force.
Directional dry adhesion operates by the use of intermolecular van der Waals
forces by placing many small "stalks" in contact with the substrate. These
mechanisms can provide key advantages over conventional methods,
especially in the unique environments encountered by NASA. This research will
develop fabrication methods for electrostatic and directional dry adhesive pads
using conventional CNC machining techniques and shape deposition
manufacturing (SDM). Multiple electrostatic adhesion pads with a consistent
pattern topology but varying number of electrodes and electrode width to
spacing ratios will be constructed and tested. A test bed will be developed to
automatically cycle a pad through a set of loading conditions to evaluate the
generated adhesive pressure. The acquired data will allow for conclusions to
be drawn on optimal electrode density and spacing. Based on these
conclusions more advanced electrode configurations such as spiral, fractal,
and discretized patterns will be evaluated and optimized. The proposed
research will also develop manufacturing techniques for integrating conductive
electrodes with directional dry adhesives. The electrodes will be imbedded into
polymer stalks on the order of a few hundred micrometers in size.
Additionally, the configuration of the polarity of the individual polymer stalks
will be varied and evaluated through experimental testing. Conclusions drawn
on the optimal polarity configuration will be used to increase the generated
adhesive pressures and overall robustness. The electrostatic directional dry
adhesion technology developed by this proposed work applies to multiple
TABS elements and will have a direct impact on NASA operations. Pertaining
to TABS element 4.3, electrostatic directional dry adhesion will provide greater
versatility for robotic manipulator end effectors. The technology is applicable
to any material and space environments. Furthermore, due to the generated
adhesive force, grippers would not have to generate a normal force by
clamping the target object. This allows it to be gripped locally with little to no
applied pressure. These aspects would be useful for situations ranging from
object manipulation for planetary rovers to satellite rendezvous and docking
operations to collection of space debris. Relating to TABS element 4.2.9,
attachment mechanisms capable of providing adhesive force on a multitude of
different surface types and roughness with little engagement pressure would
be very attractive for use in micro-g environments. Autonomous vehicles
utilizing compliant electrostatic adhesion pads could remain attached to a non-
magnetic surface such as an asteroid or other celestial body for an extended
period of time. Last, this work relates to TABS element 10.1.4. Although the
focus of this research is the use of micro-scale directional stalks for integration
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with electrostatic adhesion, it can provide a foundation for further research in
nano-scale directional dry adhesives that utilize very small and stiff fibers. The
electrostatic directional dry adhesive technology proposed here is a unique
attachment mechanism that is functional in zero atmosphere, applicable to all
surface materials and roughness, consumes little power, and possesses
controllable adhesion. This unique combination of proprieties is applicable to
multiple TABS elements and will have a significant impact on NASA missions.

Anticipated Benefits

The electrostatic directional dry adhesion technology developed by this
proposed work applies to multiple TABS elements and will have a direct impact
on NASA operations. Pertaining to TABS element 4.3, electrostatic directional
dry adhesion will provide greater versatility for robotic manipulator end
effectors. The technology is applicable to any material and space
environments. Furthermore, due to the generated adhesive force, grippers
would not have to generate a normal force by clamping the target object. This
allows it to be gripped locally with little to no applied pressure. These aspects
would be useful for situations ranging from object manipulation for planetary
rovers to satellite rendezvous and docking operations to collection of space
debris. Relating to TABS element 4.2.9, attachment mechanisms capable of
providing adhesive force on a multitude of different surface types and
roughness with little engagement pressure would be very attractive for use in
micro-g environments. Autonomous vehicles utilizing compliant electrostatic
adhesion pads could remain attached to a non-magnetic surface such as an
asteroid or other celestial body for an extended period of time. Last, this work
relates to TABS element 10.1.4. Although the focus of this research is the use
of micro-scale directional stalks for integration with electrostatic adhesion, it
can provide a foundation for further research in nano-scale directional dry
adhesives that utilize very small and stiff fibers.
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Primary U.S. Work Locations and Key Partners

Organizations Performing Work Role Type Location

Illinois Institute of Technology Supporting Organization Academia Chicago, Illinois

Primary U.S. Work Locations

Illinois
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